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Abstract 

We conjecture that Vasiliev's theory of higher spin gravity in four-dimensional de Sit- 
ter space (dS4) is holographically dual to a three-dimensional conformal field theory 
(CFT3) living on the spacelike boundary of dS4 at future timelike infinity. The CFT3 
is the Euclidean Sp{N) vector model with anticommuting scalars. The free CFT3 flows 
under a double-trace deformation to an interacting CFT3 in the IR. We argue that both 
CFTs are dual to Vasiliev dS4 gravity but with different future boundary conditions on 
the bulk scalar field. Our analysis rests heavily on analytic continuations of bulk and 
boundary correlators in the proposed duality relating the 0{N) model with Vasiliev 
gravity in AdS4. 
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1 Introduction 

The AdS / CFT correspondence provides a non-perturbative holographic definition of anti-de 
Sitter (AdS) quantum gravity in terms of a CFT living on the timelike conformal boundary of 
AdS. Our own universe is unlikely to have an anti-de Sitter boundary, but may well have a de 
Sitter (dS) boundary in the far future. This dS boundary shares a number of mathematical 
properties with the AdS boundary. Hence it is natural to try to define dS quantum gravity 
in terms of a CFT living on the future conformal boundary of dS [|l], ^ ^ ^ ^, P]. One key 
difference is that in AdS/CFT, the radial direction emerges holographically from the CFT, 
while in dS/CFT time itself must be holographically emergent. It is challenging to reconcile 
this with our usual quantum notions of unitary time evolution. A second key difference is that 
we have had no useful microscopically complete examples of the dS/CFT correspondence. 
This has stymied progress in the subject and at times rendered the discussions somewhat 
formal.[] It is the purpose of this paper to begin to fill this gap. 

Specifically, we conjecture that Vasiliev's higher spin gravity J^, |^ in dS4 is holograph- 
ically dual to the three-dimensional conformal field theory (CFT3) with anticommuting 
scalars and Sp{N) symmetry studied by LeClair and collaborators in ||^, |TD|, |TT|, |T2|. This 
is a de Sitter analogue of the conjectured Giombi-Klebanov-Polyakov-Yin (GKPY) duality 
relating the 0{N) CFT3 to Vasiliev gravity in AdS4, whose remarkable properties have re- 



ceived much recent attention |T3|, 11^ O, [T6|, 0, 113, W^ . The Sp{N) CFT3 dual to de Sitter 



space has anticommuting scalar fields and is therefore non-unitary. This peculiarity does 



^Although it is important to note that universal properties of the dS/CFT correspondence, as apphed to 
the dS era proposed by inflation, nevertheless appear useful for analysis of CMB data M . 
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not rule out the duality because in dS/CFT, the CFT is Euclidean and never continued to 
Lorentzian signature. On the other hand, the good properties of ordinary time evolution in 
the bulk must be encoded somehow in the CFT. Indeed the Sp{N) CFT3 turns out to have 



a "pseudo- unitary" structure |jTl| which may be relevant. 

We consider the parity-invariant minimal bosonic version of Vasiliev gravity, which has 
massless symmetric tensor fields of all even spins s = 0, 2, 4, . . . . Versions of this theory exist 
in both Euclidean AdS4 (EAdS4) and dS4, both of which have an 0(4, 1) symmetry. These 
EAdS4 and dS4 versions turn out to be very simply related to one another by an analytic 
continuation which reverses the sign of the cosmological constant A while Newton's constant 
Gn is held fixed.0 In the GKPY duality, ~ ^'^ ^^^^ operation takes A^ — )■ — A^. The 
appearance of Sp{N) can then be understood as an analytic continuation of 0{N) under 
A^ — — A^. We will show below that singlet correlators of the Sp{N) model are obtained 
by replacing A^ with — A^ in the expressions for the corresponding 0{N) correlators. This 
relation holds because the closed loops which give powers of A^ are always accompanied by 
an extra minus sign from Fermi statistics in the Sp{N) theory. 

GKPY duality comes in two flavors. In the first, Vasiliev AdS4 gravity with Neumann 
boundary conditions on the scalar field is related to the free 0{N) CFT3. In the second, 
Vasiliev AdS4 gravity with Dirichlet boundary conditions on the scalar field is related to 
the critical interacting 0{N) CFT3. These two GKPY dualities lead to two corresponding 
dS/CFT dualities, which relate Vasiliev dS4 gravity with Neumann (Dirichlet) scalar bound- 
ary conditions at future infinity to the free (critical interacting) Sp{N) CFT3. All evidence 
for either GKPY duality analytically continues to evidence for the corresponding dS/CFT 
duality. 

While the n-point corrrelators are the basic building blocks of the dS/CFT correspon- 
dence, there is much to be said and understood about how they are related to phys- 
ical observables. In it was shown that the generating function of these correlators 
can be viewed as a Wheeler-DeWitt or Hartle-Hawking type wave function of the uni- 
verse. There have been a number of interesting recent developments along theses lines 



2T|, H, H, H, 11, 13, H, |9[ which clarify the structure of dS/CFT. At the same 



time, important conceptual issues remain including the interpretation of the dS entropy and 
the nature of physical observables and bulk unitarity. The correlators we compute reside at 
X"*" and are thus 'metaobservables', inaccessible to any single observer. On the other hand. 



^This is a very special feature of Vasiliev gravity. No such nice continuations are known for AdS solutions 
of string theory: one typically encounters imaginary conformal weights, imaginary fluxes, and negative energy 
or ghost fields in the bulk. 
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the de Sitter entropy is naturally associated to a static patch observer in de Sitter space 

), whose worldline only intersects X"*" at a single point. In this paper, 
we will steer clear of all these important issues and focus on the mathematical relationship 
between the bulk gravity and boundary CFT correlators. Nevertheless, we hope that the 
concrete example of dS/CFT we present below will prove useful for future discussions. 

2 CFT3 correlators 
2.1 Free theory 

The free Sp{N) model is described by the action 

47n) = ^ I Qab^'^da^d.x' , f^a. = f ° I (2.1) 

where is a real A^-component anticommuting scalar, Qab is the antisymmetric symplectic 
form, and N is even. The action is invariant under Sp{N) rotations of x- This theory has 
been studied in a variety of contexts: a similar N = 2,d = 2 logarithmic CFT with central 
charge c = — 2 describes polymers [^, 0, 0, and the d = 3 model of interest for dS/CFT 
was considered in the context of superconductivity and critical phenomena in |IU|, |TT]. 
The free theory has singlet conserved currents of all even spins: 

Here normal ordering is implied, a,b = 1,---N and the corrections render the currents 
traceless and conserved. J^^^ has dimension A = s + 1, and in particular the scalar operator, 

jW = X-x^^atX'x\ (2.3) 

has A = 1. We would like to show that free Sp{N) correlators are related to free 0{N) 
correlators^ by — )■ — A^. 

This is easy because the free connected n-point functions are just one loop diagrams with 
n current insertions around the loop. The only dependence (for explicit expressions see 

In our notation for Sp{N), N is always even, e.g. SU{2) w Sp{2). Various properties of the groups (for 
example character formulae) are related under analytic continuation by p^ , p9| , pO| 0{—N) = Sp{N) where 
the bar indicates a transpose of all Young tableaux. The transpose swaps symmetric and antisymmetric 
representations, which is accomplished in the CFT by swapping bosons for fermions. 



see 



BO, 31 
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|T7[) is in the overall factor, so we need connected correlators to obey 



( J(-) ■ ■ ■ = -( ■ ■ ■ /^"%7^ . (2.4) 

The minus sign is the usual (—1) for each loop from Fermi statistics. To see this factor 
explicitly, we write x = (^i;V'2) where 11)1^2 are real A^/2-component anticommuting scalars. 
The currents are 

J^.. = ■ ■ ■ + ■ ■ ■ - (^1 ^ V^2) (2.5) 

where a, /3 = 1, ■ ■ ■ y. Wick contractions of ipi^2 then lead immediately to 

2.2 Interacting theory 

We now consider the interacting Sp{N) model 

^SpiN) = ^jd'x {natS''da''d,x' + m\-x + Kx-X)') ■ (2.6) 
Like the interacting 0{N) model, this theory has an interacting IR fixed point [|ri[]. This 



defines the critical model, reached by flowing to Xm and tuning the renormalized mass to 



zero. It has been studied in |jTT[ in the e expansion to two loops, where it was found that (3 
functions and anomalous dimensions are related to the critical 0{N) results by — )■ — A^. 
Our interest here is restricted to correlation functions of the Sp{N) singlet operators J^'^\ For 
such operators one may show diagrammatically that, as for the free theory, the correlators are 
related to their 0{N) counterparts simply by the replacement of N ^ —N. Relative minus 
signs arise in the Sp{N) theory because the scalars anticommute, but these are correlated 
with the powers of N. 

The simplest way to see this in detail is to introduce a (commuting) Lagrange multiplier 



field a and rewrite ( |2.6| ) in the form ||TT 



= ^ / {nabS''da''djx' + m\-x + 2aV\{x-x) - • (2-7) 

The Feynman diagrams for singlet correlators in this theory consist solely of closed loops of 
anticommuting x scalars connected by a propagators. Powers of come only from closed 
X loops, and each of these loops gives one minus sign from Fermi statistics. Hence these 
diagrams are in one-to-one correspondence with those of the 0{N) model and differ only in 
the replacement of by — A^. This relation holds for all values of A, including the critical IR 
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fixed point of interest to us. To confirm tliat tliis perturbative argument applies even at tlie 
fixed point, it is straiglitforward to compute anomalous dimensions in the expansion 



by modifying the 0{N) computations in The result agrees with the 0{N) model after 
N — )■ —N, at least through order 

2.3 Summary 

The singlet correlators of the free (critical interacting) Sp{N) model, are obtained by the 
replacement of with — in the corresponding singlet correlators of the free (critical 
interacting) 0{N) model. 

3 Bulk correlators 

On the bulk side we consider Vasiliev's minimal bosonic higher spin theory in dS4 [0, ||. 
The representation of the dS4 solution in terms of Vasiliev's master field, and its relation by 



analytic continuation to EAdS4, is described in [42| to which we refer the reader for details. 



The dS4 metric is the only nonzero background and takes the form, in planar coordinates 



ds^ = §^ [-d,^^ + (dxf) , (3.1) 



where f] < and x are coordinates on the planar slices. In these coordinates the future 
boundary X"*" is at = while the past horizon is at = — oo. The spectrum of conformal 
dimensions for linearized excitations about this solution agrees with the Sp{N) model: there 
are massless symmetric tensor fields of all even spins s, with scaling dimensions A = s + 1. 
Note that all scaling dimensions are real, which is not in general guaranteed in dS/CFT. 

We now compute the boundary correlators of the Vasiliev theory in dS4, in order to 
compare to the Sp{N) CFT. This could be done directly in dS4, but it is simpler to borrow 
results from the Vasiliev theory in AdS4, where 3-point correlation functions have already 
been computed by Giombi and Yin [p!7|, 113, IT9[ . We will show that Vasiliev n-point correlators 



in dS4 can be obtained from those in EAdS4 by analytically continuing A^ — )■ — A^. 

The full nonlinear equations of motion are formulated in terms of master fields that are 
functions of the spacetime coordinates (x, r/) and valued in the higher spin algebra, which is 
a quotient of U{S0{5, C)). The equations of motion for the master fields take the same form 
for positive or negative A in either signature, but this choice enters as a reality condition on 



Curiously, upon developing an e-expansion, it was argued in |^ that the critical value of the coupling 
constant A of the Sp{N) theory becomes negative for N > A. 
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the master fields, or equivalently a choice of real form for the higher spin algebra:^ see . 
The equations of motion for the infinite tower of real fields X = ip, h^^,w^^p„, ... of spins 
0, 2, 4, . . . can be extracted order by order from the Vasiliev equations, and will depend on 
A and the signature. The linearized equation of motion for a spin-s field is, schematically, 

V^X + AX = 0. (3.2) 

In general, the corrections will be an expansion in ;^V^. For example, cubic interactions 
among spins (2, s, s) involving the spin 2 metric fiuctuation h given explicitly in ^ take 
the schematic form 

V'^h ~ AX^ + XV^X + (VX)2 + i(V^XVX + (V^X)^) + ■ ■ ■ . (3.3) 

Although we have dropped the constants and indices in these schematic expressions, all 
factors of A are written. Note that we have taken the bulk dimension of X ~ (length)^ to 
vanish, while V ~ (length)"^, A ~ (length) 
The Poincare patch metric of EAdS4 is 



ds^ = (dz^ + dx'dx') , (3.4) 



where z is the radial coordinate. This is obtained from the planar patch dS4 metric (|3.1| ) by 
the double Wick rotation 

z = -ir] , iEAds = -i^ds ■ (3.5) 



This rotation transforms the equations of motion (|3.2D and p.3|) from dS4 to EAdS4. It is 



perhaps simplest to work in a generalized Fefferman-Graham (FG) gauge near the boundary, 
in which all components of the higher spin fields with indices tangent to the radial direction 
(e.g. Wijkz) are set to zero. In this case all components of X are tangent to the boundary. 
The relation between the reality condition on the master fields in EAdS4 and dS4 imply that 
the FG gauge components of X are kept real under the continuation. This is shown in detail 
in appendix |B|. 

Now we would like to compare the n-point correlators in EAdS4 to those of dS4. These 
are not fully determined by the classical equations of motion. One extra dimensionless 



^This is similar to the Chern-Sinions formulation of 3d gravity |4^, where both Lorentzian dSa 
gravity and Euclidean AdSa gravity are described by Gc — SL{2, C) gauge theory. In the former case, 
Gc is considered to be the complexification of G = SL{2,R), while in the latter case it is treated as the 
complexificaton of G = SU{2) 
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parameter is required which governs the strength of quantum corrections. In a theory with 
an action, this parameter is essentially the overall coefficient of the action, roughly ~ 
As shown in |T^, in the language of correlators adopted here, the extra parameter can be 
identified with the dimensionless coefficient C2 of the tree-level two point function of the 
bulk scalar (p. A rule must be given for the behavior of C2 under the analytic continuation 
( p.5|) . If we had an action, this rule would be determined from positivity of the energy 
in Lorentzian signature. In the language of correlators, the rule is equivalently fixed by 
demanding that the short distance singularity has the canonical Hadamard sign. At short 
distances {zi,xi) — )■ {z2,X2) in EAdS4 

{(p{Xi, Zi)(p{x2, Z2)) EAdS,tree ~ 1 ^^T^^^ 2~ ' ^12 = (^1 ~ ^s)^ , (3.6) 

[Zi — Z2j + Xi2 

where C2 is positive. If we take z — —ir] in (|3.6| ) without changing the sign of C2, we get 
the wrong sign in Lorentzian signature. Therefore in continuing to dS4 we must supplement 
(PD with 

C2 ^ -C2. (3.7) 

Note that since roughly speaking C2 ~ —Gat A ~ -i: in EAdS4, we can think of this as taking 
A — 7- —A with Gn fixed or equivalently A^ — — A^. 

Finally putting this together gives a rule for the continuation of bulk correlators. Hold- 
ing the field X fixed while performing the rotation (|3.5|)(|3.7|) , the bulk n-point functions 
transform as 



(X(?7i,Xi) ■ ■ ■ X{rjn,Xn))dS = {X{iZi,Xi) ■ ■ ■ X{iZn,Xn))EAds\A'-^-A (3-8) 

In summary, to get the bulk dS4 correlators, we simply take the EAdS4 correlators and 
replace z with —ir], A with —A and C2 with — C2. In Appendix A, we rederive this rule in 
the on-shell action formalism. 



3.1 Spin zero corrrelators 

To compare with the boundary CFT3 correlators, we must take the arguments of the bulk 
correlators to the boundary z = z^ and rescale. Let us first consider the bulk scalar 
two point function. In EAdS4, a scalar of dimension = | + \J\ + ^'^^\ds behaves as 
ip{x,z) ~ ip^{x)z^+ + (y9„(x)z^~^+ + ■ ■ ■ near the boundary 2; — )■ 0. The bulk scalar has 
= 2 but it is instructive to consider the more general case. To compute the correlators 
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a boundary condition must be specified. To be specific let us consider the case V9_ = 0. 
Dimensional analysis and 0(4, 1) invariance then imply that at tree-level^ 

(V?(Xi, Zc)ip{x2, Zc))EAdS,tree = C2 [ j ■ (3.9) 

Dimensional analysis and 0(4, 1) invariance similarly imply for the full connected n-point 
functions 

/ z \ "'^+ 

{i^{xi, Zc)ip{x2, Zc)...ip{Xn, Z^)) EAdS = ^^{02^ (^^j , (3.10) 

where by x we just mean something which scales linearly under rescalings of all n XjS. Since 
these are unaffected by the analytic continuation we do not need to keep track of the detailed 
form. Note that in general the constants An = An[C2]. The (7- loop contribution to An goes 
as (Oa)^-^ i.e. 

00 

An[C2]=J2^i?\C2y~' (3-11) 
9=0 

where An^ is in principle determined from the classical equation of motion and does not 
depend on O2. Defining 



we get the boundary correlators 

{0{x,)...0{Xn))EAdS = A„[02]x-"'^+. (3.13) 

In the bulk classical limit of small O2, these connectd n-point functions all scale as O^^. 
This is the answer in the EAdS/CFT correspondence. To transform to dS4, we go back 



to the bulk correlators and use the analytic continuation ( |3.8| ). Noting that h_^. is preserved 
under ( p.5|) , we obtain 

{ip{Xi,T]c)ip{x2,T]c)...ip{Xn,Zc))dS = An[-C2]{-C2y' i—^ j , (3.14) 



Defining 



= ^ , . ]ip (3.15) 



^ The exact tree-level two point function is (see for example [Q) 2(p'_i) fe+ — l,2/i+ — 

2; — -p^) with P ~ [z1 + z| + xfj) l'^z\Zi^ so that with the normalization used here a positive constant 
22''+r(/i+)r(/i+ - l)/(47r)2r(2/i+ - 2) appears on the right hand side of (|!|). 
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we get the boundary correlators 



= A„[-C2]x-"'^+. (3.16) 

These correlators obey future boundary conditions which are the analytic continuation of 
the EAdS4 ones.[] Note however that the boundary correlators are defined intrinsically in 
dS4; we are just using EAdS4 as a computational tool. 

3.2 Higher spin correlators 

This result readily extends to the correlators of the higher spin fields. The detailed structure 
in EAdS4 is spelled out in |T^ and will not be reviewed here. In FG gauge the higher 
spin fields are then in one-to-one correspondence with the currents of the boundary CFT3.0 



Retracing the steps of the previous section leading to (|3.16|) , we again conclude that the dS4 



correlators are obtained from the EAdS4 correlators simply by replacing C2 with — C2. 
4 Bulk-boundary comparison 

In section 2 we showed that the n-point functions of the free (critical) Sp{N) model are 
those of the free (critical) 0{N) model with replaced by — A^. In section 3 we showed 
that the rescaled boundary correlators of Vasiliev dS4 gravity with the Neumann (Dirichlet) 
scalar boundary condition are those of Vasiliev EAdS4 gravity with the Neumann (Dirichlet) 
scalar boundary condition with C2 replaced by — C2. According to the conjectured GKPY 
duality, the corrrelators of Neumann (Dirichlet) Vasiliev EAdS4 gravity equal those of the 
free (critical) 0{N) model with the identification C2 = 1/2N. Hence GKPY duality - if 
correct - implies that Neumann (Dirichlet) Vasiliev dS4 gravity is dual to the free (critical) 
Sp{N) CFT3. 

Acknowledgements: We are grateful to Tarek Anous, Nima Arkani-Hamed, Matthew 
Baumgart, Frederik Denef, Anatoly Dymarsky, Jonathan Heckman, Daniel Jafferis, Igor 
Klebanov, Juan Maldacena, Shiraz Minwalla, Steve Shenker, Eva Silverstein and especially 



^The appearance of correlators defined by future boundary conditions may at first sound odd. This 
may be motivated from the dS perspective either as an intermediate device for computing Wheeler-DeWitt 
type wave/generating functions Q, or as in [|9| from the fact that they do not lead to observable causality 
violation: operationally there is no difference. See appendix ^ for further discussion. 

^Reference [ pT| employs a divergence-free gauge in which X has more components, but there are relations 
among them. The analytic continuation procedure is slightly more involved in divegence-free gauge but the 
final results are equivalent. 
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A On-shell action formalism 

In this appendix we compute the dS4 Vasihev theory boundary correlators from the point 
of view of the on-shell action, as discussed in There is no known action formalism 

for the physical fields in Vasiliev theory, so we will assume that the equations of motion 
obey the appropriate integrability conditions to define an action, and use only the expected 
schematic form. 

The classical quadratic action for canonically normalized higher spin fields X of spins 
0, 2, 4, . . . , is schematically 



Tfree ~ 77" 



N 



VXVX + AX^, (A.l) 



where as in the main text we have kept the explicit factors of A but ignored other A- 
independent constants. Gn here is the sole dimensionful constant needed to construct an 
action out of the equations of motion. The full interacting action is an expansion in V^/A; 
for example the (2, s, s) interaction in (|3.3|) leads to the schematic form 



[ V^hX^ + AhX^ + ^V^WXVX + WXVX + ■ • • . (A.2) 
GnJ a 



Now we would like to compare the ra-point functions in dS4 to those in EAdS4. For this the 
schematic form of the action as an expansion in -i-V^ is enough, we do not need the explicit 
interactions. 

In the action formalism correlation functions with future boundary conditions are defined 
as derivatives of a bulk wavefunction, 



(A.3) 

00=0 



(s) 

where 0o is the canonical data for the spin-s field on a spatial slice. Note that this is a bulk 



correlator with future boundary conditions of the type discussed in [29], which is not equal to 



a bulk expectation value in any quantum state. In the leading semiclassical approximation. 
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the bulk wavefunction is 

*6nzfc[0o] = e^'^' (A.4) 

where 1^ is the classical action of the bulk theory evaluated on a solution to the equations 
of motion with future boundary conditions specified by 0O) up to local counterterms. Initial 
conditions are imposed by an ie prescription that places the bulk fields in the Bunch-Davies 
vacuum. 

For Vasiliev gravity the on-shell action I^i can be computed by double analytic continu- 
ation from EAdS4 as in |P, First consider the kinetic terms. In EAdS4, for a scalar of 



dimension hj^ we set 0(a;, z) ~ (j)Q{x)z^ '»+-)_... near the boundary and compute the on-shell 
action as a functional of the sources at a cutoff surface z = Zc ^^1, 

- lEAds ~ ^ / d^k k'^^+-^zf^+~^'^(t)o{k)(t)o{-k) + counterterms (A.5) 
Gn J 

where 'counterterms' means terms local in position space and '~' means we have dropped a 
real constant independent of fc, lAdSi ^c- Taking derivatives and Fourier transforming leads 
to the position space correlation function 

Gn 

Wavefunction renormalization O ~ z\~^^0 gives 

ipO) ~ . (A.7) 

Gn 

This is the tree-level answer in the EAdS4/CFT3 correspondence. To transform to de Sitter 
space, we use the double analytic continuation (|3.5|), while keeping Gn fixed, and the identi- 
fication —lEAds = i^ds- Note that the on-shell action is defined intrinsically in de Sitter; we 
are just using EAdS4 as a tool to compute it easily. The condition of regularity in the inte- 
rior of EAdS4 analytically continues to the ie prescription appropriate for the Bunch-Davies 
vacuum. We find 

Uds - -§^HVcf'--'^ I ^,k''--'Mk)M-k) + ■■■ (A.8) 
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and choosing O ~ (—irjc)^ gives 



{OO) ~ . (A.9) 



This differs by a sign from ( |A.7D , but so far this is just a choice of normahzation. The higher 



n-point functions are fixed unambiguously once we have normalized the 2-point functions 
in this way, and we will see that this choice is necessary to eliminate phases from n-point 
correlators in dS4. 

For fields with spin, the kinetic term (|A.1|) has s additional powers of g^'^ to contract 



indices. Each of these comes with a factor of ^^^5, which gives an additional factor of i"^^ in 
the analytic continuation, in addition to those obtained from the continuation of z. Denoting 
the EAdS4 correlator by 

{J^'^J^'^)EAdS = ^/(X) (A.IO) 

where /(x) contains the position and tensor dependence, if we absorb an additional factor 
of i'^ into each de Sitter operator then we obtain 

= -^/(x) . (A.ll) 

Or AT 

Now consider interactions. As an example, take the cubic interaction between three 
canonically normalized higher spin fields Xi, X2, X3 of spins Si, S2, S3, 



G 



N 



j v/^VPXiV'^X2V2"-^'-''X3 (A.12) 



with indices contracted in an arbitrary way and p,q>0,2n>p + q. To compute the tree- 
level correlator, we plug in solutions of the free equations of motion with fixed boundary 
conditions and compute Imt as a function of iAds, Zc, and the boundary data. The resulting 
function of the boundary data has the form 

(1^) iA7s"'-'^f{zc;X,o,X,o,Xso) (A.13) 

with / some cutoff-dependent functional of the boundary data XiQ. The factors of i come 
from A = —<i/^\fis ^^'^ counting powers of g^'^. Performing the analytic continuation and 
absorbing a factor of i"^ into each de Sitter operator as required by the normalization above. 



12 



we find 

(J(.1)J{..)J(S3))^^ = J(«3))^^^^ . (A.14) 

Since the action for canonical fields is always an expansion in ;^V^, this counting will continue 
to hold for arbitrary interaction terms that appear in the Vasiliev theory. Therefore this 
result actually holds for general tree-level correlation functions, 

{J^'^^J^'^^ ■■■)dS = -{J^'^^J^'^^ ■ ■ ■ )EAdS . (A.15) 



In the bulk theory with Neumann boundary conditions on the scalar, loop corrections are 
required to cancel by GKPY duality. Therefore we have reproduced the result of section ^ 
with Neumann boundary conditions, and these correlators agree with the Sp{N) CFT at the 
UV fixed point. The duality at the IR fixed point then follows by a Legendre transform of 



the bulk and boundary generating functionals [49, pOl 51, 19 



B Reality conditions 

In this appendix we demonstrate that the spin-s component fields i = 1,2,3 for 

even s are real in both EAdS4 and dS4. These describe all the physical degrees of freedom 
in FG gauge. The fact that the FG gauge X reality condition is the same in EAdS4 and dS4 
is required for our derivation of the central relation (|3.8|) between correlators. 

The X fields appear as components of a master field which is subject to a reality condition 
which differs between EAdS4 and dS4. Reality conditions on the Xs are implied by those on 
the master field. This master field reality condition was specified for dS4 in |^ . However we 



shall follow here |^ (ISS) which contains the same reality condition (in a slightly different 
notation) and has many details explicitly written out. In this appendix we refer the reader 
directly to ISS for all conventions. 

According to ISS table 1, the dS4 master field reality condition at Z = (which is 
sufficient to determine the X reality condition) on the one form W of (ISS 2.70) is, using 
(ISS 2.38) 

W{x^\yo„y^y = -'KW{x^'\y^,y^) = -W{x^\ - y^^y^) (B.l) 

where (ISS 2.40) {VaV = Va- The FG gauge spin s > fields z = 1,2,3 are related 

to the coefficient fields W{x'^)ai---an;ai - a,n of the {y,y) expansion of W with m = n = s — 1 

by 

X . . — lY . . . . fR 21 
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Using reality of yaVa^'i" and the fact that s is always even, the W reality condition on the 
physical FG gauge fields reduces to 

Xi^...i^ = real. (B.3) 
The EAdS4 master field reality condition at Z = onW is, using (ISS 2.38) and (ISS 2.42) 
W{x'^\y^,y^y = -p7iW{x^\y^,y^) = -W{x>^\ - ylyl) (B.4) 
where here f is complex conjugation. For even s we again recover ( |B.3| ) as desired. 
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